Following the failure of extracorporeal membrane oxygenation (ECMO) to influence survival in severe adult respiratory distress syndrome (ARDS), I Gattinoni has introduced low frequency positive pressure ventilation and extracorporeal CO 2 removal (LFPPV and ECC02R)~-5 and his results to date appear encouraging. A brief description of the technique appears elsewhere in this issue. 6 We report the use of this technique in a patient with severe ARDS.
CASE REPORT A 33-year-old woman was admitted with a four-week history of progressive weakness and a clinical picture suggestive of Guillain Barn! Syndrome. Her chest X-rayon admission showed a collapse of the left lower lobe, but was otherwise normal, and arterial blood gas analysis showed a Pa02 of 113 mmHg, PaC02 15 mmHg, and pH 7.53, breathing spontaneously with two litres per minute of oxygen supplied by nasal cannulae. She had a vital capacity of 1.5 I and a negative inspiratory pressure of 30 cm H20. Her serum sodium on admission was 116 mmol 1i, with urine chemistry suggestive of the syndrome of inappropriate antidiuretic hormone secretion. Other biochemical and haematological investigations were normal.
There was no neurological deterioration, and her respiratory function remained stable for the first two days following admission. On the morning of day three, her chest X-ray showed two areas of patchy consolidation in the right mid zone, and she had a temperature of 38 QC and a white blood count of 17,000. Her Pa02 was 139 mmHg with a nominal FI02 of 0.4 from a multi vent mask. During that day she deteriorated rapidly, and by 9.00 p.m. had a Pa02 of 55 mmHg with 500/0 oxygen supplied by face mask, and her chest X-ray showed widespread diffuse consolidation involving the whole right lung. The cause was uncertain but aspiration pneumonitis was suspected.
She was intubated, ventilated, and a pulmonary artery catheter inserted. She had become moderately shocked as evidenced by poor skin perfusion and oliguria, with a blood pressure of 90/60 mmHg, and a pulmonary capillary wedge pressure (PCWP) of 6 mmHg. Three litres of normal saline were required to improve her circulatory state. The following morning the consolidation had spread to involve the left upper zone, but the left lower lobe had re-expanded. She remained febrile, and had again become moderately shocked and oliguric, and it was suspected that she may have developed septicaemia secondary to pneumonitis, with resulting ARDS. Following blood and sputum cultures, cefotaxime 2.0 g eight hourly was therefore administered. The cefotaxime was stopped after 48 hours when no organisms were cultured.
Over the next few days she followed a relentless downhill course, with progression of the radiological consolidation to involve the whole of both lungs, and progressive deterioration of gas exchange and lung compliance. By day 8 she had a Pa02 of 56 mmHg with an FI02 of 0.6 and 10 cm of positive end expiratory pressure (PEEP). An open lung biopsy was performed to establish the aetiology of her pulmonary consolidation, and to exclude atypical infections. Viral cultures, serology, and mycoplasma-specific IgM were also requested. Following this, treatment with erythromycin was commenced to cover possible mycoplasma or legionella infections. The lung biopsy showed appearances typical of severe ARDS, with marked hyaline membrane formation and many active fibroblasts ( Figure 1 ). No organisms were seen or cultured. All viral and microbial cultures and serology were also ultimately negative. Her serum sodium had gradually increased over the days following admission, and had returned to normal by this time.
Her deterioration continued, and by day l3 she fulfilled the entry criteria of the multicentre ECMO trial, I having a Pa02 consistently below 50 mmHg for twelve hours on an FI02 of 0.6 and more than 5 cm H20 of PEEP, thus predicting a mortality greater than 900/0. In addition, her PaC02 had remained above 50 mmHg for the previous 24 hours, her static lung compliance was 18 ml cm -1, her pulmonary artery (PA) pressure was 88/55 mmHg, and her PCWP was 20 mmHg, any lower pressure resulting in severe hypotension. The chest X-ray showed extensive diffuse bilateral consolidation. In view of these findings, it was decided to manage her with LFPPV and ECC02R. Prior to this therapy, two bronchial brushings were performed using protected bronchial specimen brushes, which also failed to demonstrate any organisms on gram stain or culture. By this stage her condition had become parious, with hypotension requiring infusion of dopamine at 1O-20/Ag/kg/min.
Bilateral femoral vein cannulae were inserted via the saphenous veins, and extracorporeal C02 removal was performed using two Sci-Med 3.5 metre 2 membrane oxygenators, and a Biomedicus centrifugal perfusion pump, with average blood and gas flows of 1.0 and 10 I min-I respectively. The pump was servocontrolled by a volume detector device on the venous reservoir bag, thus avoiding over or underfilling of the reservoir. Methylprednisolone 2.0 g was administered intravenously, following by 1.0 g eight hourly for two subsequent doses, in an attempt to reduce the effects of complement activation and leucocyte sequestration in the lung, which have been demonstrated in early stages of this technique. 7 During ECC02R, the patient was paralysed with pancuronium and sedated with papaveretum (Omnopon) and diazepam. Heparin was infused at 1,200 to 1,500 units per hour to keep the partial thromboplastin time activated with kaolin (PTTK) approximately three times the normal value. Her platelet count fell to 110,000 and remained at this level. Her serum fibrinogen fell slightly but remained within the normal range.
Bleeding from the incision sites necessitated the transfusion of six units of blood in the first 12 hours, and 12 units over the subsequent three days, Purse string sutures were placed in the skin at the incision site after the first 12 hours, and this was moderately successful in reducing the rate of bleeding.
In the first 24 hours the anticoagulation was somewhat unstable, the PTTK reaching 300 seconds on one occasion. After this period, however, the anticoagulation was well maintained with the PTTK between 80 and 120 seconds, but some haemorrhage persisted.
During the first few hours of LFPPV-ECC02R the cardiovascular state was somewhat unstable, and fairly frequent adjustments to the circuit were required. After this early period, the management of the technical aspects of ECC02R were very simple, and no adjustment was required for four to six Her initial Pa02 following commencement of per fusion was 24 mmHg, with an FI02 of 1.0 to the oxygenator and ventilator, but within a matter of hours this improved, and her P A pressure and PCWP had fallen as shown in Table 1 . Her PaC02 also fell and remained in the normal range, and her pH remained between 7.50 and 7.60, due to a metabolic alkalosis.
The radiologic consolidation showed unequivocal improvement over the subsequent three days, and at the end of this period her Pa02 was 92 with an FI02 of 0.28 to the oxygenator and ventilator. Her lung compliance had increased from 18 to 25 ml cm ~ 1, Gattinoni having found that a compliance of 35 ml cm ~ 1 was usually required for successful termination of the technique. 4 Her pulmonary artery pressures had returned to normal.
On the morning of the fifth day of perfusion, she was found to have developed bilateral dilated unreactive pupils, and after an adequate time for the elimination of drugs, examination showed her to be clinically brain dead, and treatment was therefore stopped. Autopsy showed a massive intracerebral haemorrhage which had ruptured into the ventricular system and the subarachnoid space. The lung histology at autopsy showed marked but incomplete resolution of the ARDS compared with the open lung biopsy (Figure 2 ). " . . 
DISCUSSION
Although this patient died from a cerebral haemorrhage after four days of ECC02R, she had by that time shown marked improvement in her oxygenation (Table 1) , P A pressures, radiologiCal appearance, static lung compliance, and lung histology. While it is not possible to be certain that this would not have occurred without the ECC02R, her rapid improvement within hours of instituting per-fusion; following a previously prolonged and inexorable downhill course, left us ~ith little doubt.
The increase in Pa02 with this technique does reflect a real improvement in lung function, as oxygenation occurs almost entirely in the lung. The alveolar P02 is ultimately determined by the gas ventilating the oxygenator 8 ,9 and these figures indicate a very marked improvement in alveolar-arterial gradient. Although her static compliance had only improved to 25 ml cm-I, Gattinoni's experience has been that improvement in compliance has normally lagged behind that of gas exchange and haemodynamic parameters,IO and further improvement in her compliance could have been expected. Her rapid improvement in gas exchange, radiological appearance, lung compliance and histology was particularly impressive in view of the extensive fibrosis shown on the lung biopsy. This was taken five days prior to the commencement of ECC02R, and in the intervening period her lung function and radiological appearance had shown substantial deterioration.
Bleeding was a major problem on this occasion, but we hope to reduce this in future by more meticulous haemostasis at the time of surgery, and by accepting levels of PTTK of twice instead of three times normal. Gattinoni has accepted an activated clotting time of twice normal, and the mean blood loss in his patients was only one litre per day. 10 The management of anticoagulation during ECC02R has recently been discussed. 11 Cerebral haemorrhage has not been reported as a common complication in most published series of extracorporeal perfusion. In one recent study on patients receiving long-term oral anticoagulant therapy, cerebral haemorrhage was very uncommon, and did not occur in patients under 50. 12 Thus our patient died from what should be a very uncommon complication of the technique.
Despite the death of this patient, an impressive improvement in her lung function and radiological and histological appearance associated with the use of this technique was demonstrated. The reasons for the apparent success of this technique are not clear, and are discussed elsewhere. 6 It has not been conclusively demonstrated that this management does reduce mortality in severe ARDS, but we believe that it deserves further evaluation.
